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3XEOLVKHG�E\�3K\VLFLDQV�6SHFLDOL]LQJ��,Q 
0XVFXORVNHOHWDO�0HGLFLQH� 

$%'20,1$/�&,5&80)(5(1&(�
$1'�5,6.�2)�

086&8/26.(/(7$/�,1-85< 
 
0XOWLSOH� VWXGLHV� GHPRQVWUDWH� WKDW�

REHVLW\�LV�DVVRFLDWHG�ZLWK�WKH�ULVN�RI�
PXVFXORVNHOHWDO� LQMXULHV�� :KLOH�
PRVW� VWXGLHV� KDYH� IRFXVHG� RQ�
REHVLW\� DV� LGHQWLILHG� E\� WKH� ERG\�
PDVV� LQGH[� �%0,��� IHZ� KDYH�
FRQVLGHUHG� RWKHU� PHDVXUHV� RI�
REHVLW\�� LQFOXGLQJ� DEGRPLQDO�
FLUFXPIHUHQFH�� 7KLV� VWXG\�
FRPSDUHG�DEGRPLQDO�FLUFXPIHUHQFH�
�$&��DQG�%0,�DV�PHDQV�WR�HVWLPDWH�
WKH�ULVN�RI�PXVFXORVNHOHWDO�LQMXU\� 
7KLV� SURVSHFWLYH� FRKRUW� VWXG\�

HYDOXDWHG� WKH� WLPH� WR� ILUVW�
PXVFXORVNHOHWDO� LQMXU\� DPRQJ� DOO�
DFWLYH�GXW\�8QLWHG�6WDWHV�$LU�)RUFH�
�86$)�� PHPEHUV� IURP� -DQXDU\� RI�
����� WKURXJK� 'HFHPEHU� RI� ������
'XULQJ� URXWLQH� ILWQHVV� WHVWLQJ��
ELRPHWULF� GDWD� ZHUH� JDWKHUHG��
LQFOXGLQJ� KHLJKW�� ZHLJKW� DQG� $&��
7KH� PDLQ� RXWFRPH� PHDVXUH� ZDV�
DQ\� QHZ� GLDJQRVLV� RI�
PXVFXORVNHOHWDO� LQMXU\� LQ� WKH�
PHGLFDO� UHFRUG�� 7KH� UDWH� RI� LQMXU\�
ZDV�FRPSDUHG�E\�%0,�DQG�$&� 
2I� WKH� VXEMHFWV�� ������ ZHUH�

REHVH� DQG� ������ RYHUZHLJKW��
8VLQJ�WKH�86$)�FULWHULD�IRU�$&�ULVN��
ORZ� ULVN� �PDOHV� � ��� LQFKHV��
IHPDOHV� � ��� LQFKHV��� PRGHUDWH�
ULVN� �PDOHV� !��� EXW� � ��� LQFKHV��
IHPDOHV�!���EXW�� ��� LQFKHV���DQG�
KLJK� ULVN� �PDOHV� !��� LQFKHV��
IHPDOHV� !��� LQFKHV��� ������ ZHUH�
ORZ� ULVN�� ������PRGHUDWH� ULVN� DQG�
�����KLJK�ULVN��7KH�UHVXOWV�UHYHDOHG�
DQ� RYHUDOO� LQMXU\� UDWH� RI� ������
GXULQJ� WKH� VWXG\� SHULRG�� $PRQJ�
REHVH� LQGLYLGXDOV�� WKH� LQMXU\� UDWH�
ZDV� ������� FRPSDUHG� ZLWK� ������
IRU� RYHUZHLJKW� DQG� ������ IRU�
QRUPDO� ZHLJKW� VXEMHFWV�� 8VLQJ� $&��
WKH� LQMXU\� UDWH� ZDV� ������ IRU� WKH�
KLJK-ULVN������IRU�WKH�PRGHUDWH�ULVN�
DQG�������IRU�WKH�ORZ�ULVN�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

8QLWHG� 6WDWHV� $LU� )RUFH� SHUVRQQHO�

IRXQG�WKDW�DEGRPLQDO�FLUFXPIHUHQFH�
PD\� EH� D� EHWWHU� GHWHUPLQDQW� RI�
PXVFXORVNHOHWDO� LQMXU\� ULVN� WKDQ� LV�
ERG\�PDVV�LQGH[� 
 
1\H�� 1��� HW� DO�� $EGRPLQDO�
&LUFXPIHUHQFH� LV� 6XSHULRU� WR� %RG\�
0DVV� ,QGH[� LQ� (VWLPDWLQJ�
0XVFXORVNHOHWDO� ,QMXU\� 5LVN�� 0HG�
6FL� LQ� 6SRUWV� ([HU�� ������
2FWREHU���������-����� 
 

$'9$1&('�&5<27+(5$3<�
$)7(5�.1((�$57+523/$67< 

 
'HVSLWH� SDLQ� PDQDJHPHQW�

DGYDQFHV� LQ� DQHVWKHWLF� WHFKQLTXHV��
WRWDO� NQHH� DUWKURSODVW\� �7.$��
UHPDLQV�D�FKDOOHQJLQJ�SURFHGXUH�IRU�
PRVW� SDWLHQWV�� &U\RWKHUDS\�� WKH�
DSSOLFDWLRQ� RI� FROG� WR� VNLQ�
VXUURXQGLQJ�WKH�LQMXUHG�VRIW�WLVVXHV��
LV�GHVLJQHG�WR�UHGXFH� LQWUD-DUWLFXODU�
SUHVVXUH� DQG� GHFUHDVH� WKH� ORFDO�
LQIODPPDWRU\� UHDFWLRQ�� 7KLV� VWXG\�
ZDV�GHVLJQHG�WR�GHWHUPLQH�ZKHWKHU�
DGYDQFHG� FU\RWKHUDS\� WHFKQLTXHV�
FRXOG� SURGXFH� EHWWHU� SRVW-�
RSHUDWLYH�SDLQ�FRQWURO� 
7KLV� UDQGRPL]HG�� FRQWUROOHG� WULDO�

LQFOXGHG� ���� SDWLHQWV� XQGHUJRLQJ�
SULPDU\� 7.$�� 7KH� VXEMHFWV� ZHUH�
TXDVL-UDQGRPL]HG� WR� UHFHLYH�
DGYDQFHG� FU\RWKHUDS\� �$&�� RU�
WUDGLWLRQDO� FROG� SDFNV�� 7KH� $&�
JURXS� UHFHLYHG� IRXU� KRXUV� RI�
FRQWLQXRXV� FRROLQJ� DW� ���&�
LPPHGLDWHO\� DIWHU� VXUJHU\�� DV�
QHHGHG� GXULQJ� WKH� QLJKW� DIWHU�
VXUJHU\� DQG� IRU� IRXU� KRXUV� WKH�
IROORZLQJ� GD\�� 7KH� FRQWURO� JURXS�
UHFHLYHG� ��� PLQXWHV� RI� FROG� SDFN�
WUHDWPHQW� XSRQ� DUULYDO� LQ� WKH�
UHFRYHU\� URRP�� DQG� DJDLQ� XSRQ�
DUULYDO� LQ� WKH� ZDUG�� 7KLV� WUHDWPHQW�
ZDV�UHSHDWHG�DW�WZR�KRXUV�DQG�IRXU�
KRXUV� SRVW-� VXUJHU\�� 2Q� WKH�
IROORZLQJ� GD\V�� WKH� SDWLHQWV�
UHFHLYHG� WKH� VDPH� WKHUDS\� ���
PLQXWHV� DIWHU� SK\VLFDO� WKHUDS\�
VHVVLRQV� DW� ������ D�P�� DQG� �����
S�P�� 7KH� SULPDU\� RXWFRPH�

PHDVXUHV� ZHUH� D� YLVXDO� DQDORJXH�
VFDOH�RI�SDLQ�DW�UHVW�DQG�DQDOJHVLFV�
FRQVXPHG�� ZLWK� VHFRQGDU\�
RXWFRPHV� LQFOXGLQJ� SRVWRSHUDWLYH�
520��VZHOOLQJ�DQG�EORRG�ORVV� 
1R� VLJQLILFDQW� GLIIHUHQFHV� ZHUH�

REVHUYHG� EHWZHHQ� WKH� WUHDWPHQW�
DQG�FRQWURO�JURXSV�LQ�SDLQ�VFRUHV�DW�
UHVW��)XUWKHU��QR�VLJQLILFDQW�EHWZHHQ�
JURXS� GLIIHUHQFHV� LQ� SDLQ� VFRUHV�
ZHUH� QRWHG� RQ� GD\� WZR�� DQG� QRQH�
ZHUH� IRXQG� IRU� SDLQ� PHGLFDWLRQ�
FRQVXPSWLRQ� RU� OHQJWK� RI� VWD\��
)XQFWLRQDO� UHVXOWV� DW� VL[� ZHHNV�
ZHUH�HTXLYDOHQW�EHWZHHQ�JURXSV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� XQGHUJRLQJ� NQHH�
DUWKURSODVW\� GLG� QRW� ILQG� WKDW�
FRQWLQXRXV� FRROLQJ� DIWHU� VXUJHU\� LV�
VXSHULRU�WR�WUDGLWLRQDO�FROG�SDFNV�IRU�
UHGXFLQJ�SDLQ�RU�LPSURYLQJ�IXQFWLRQ� 
 
7KLHQSRLQW�� (��� HW� DO�� 'RHV�
$GYDQFHG� &U\RWKHUDS\� 5HGXFH�
3DLQ� DQG� 1DUFRWLF� &RQVXPSWLRQ�
DIWHU� .QHH� $UWKURSODVW\"� &OLQLFDO�
2UWKRSHGLFV� DQG� 5HODWHG�
5HVHDUFK�� ������ 1RYHPEHU�� ���
����������-����� 
 

())(&7�2)�(;(5&,6(�21�
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6OHHS� GLVWXUEDQFH� LV� D� FRPPRQ�

FRPSODLQW� DPRQJ� SDWLHQWV� ZLWK�
UKHXPDWRLG� DUWKULWLV� �5$��� 0XOWLSOH�
IDFWRUV� KDYH� EHHQ� DVVRFLDWHG� ZLWK�
WKLV� SKHQRPHQRQ�� LQFOXGLQJ� SDLQ��
GHSUHVVLRQ�� ODFN� RI� H[HUFLVH��
UHVWOHVV� OHJV�� DQG� FRUWLFRVWHURLG�
XVH��7KLV�VWXG\�HYDOXDWHG�WKH�HIIHFW�
RI� H[HUFLVH� RQ� VHOI-UHSRUWHG� VOHHS�
TXDOLW\� DQG� IDWLJXH� DPRQJ� SDWLHQWV�
ZLWK�5$� 
6HYHQW\� SDWLHQWV� GLDJQRVHG� ZLWK�

5$� ZHUH� UHFUXLWHG� IURP� DQ�
RXWSDWLHQW� UKHXPDWRORJ\� FOLQLF�� 7KH�
SDWLHQWV� ZHUH� UDQGRPL]HG� WR�
UHFHLYH� VWDQGDUG� FDUH�� ZLWK�
LQIRUPDWLRQ� UHJDUGLQJ� WKH� EHQHILWV�

9ROXPH����1XPEHU��� 1RYHUPEHU�������� 
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6OHHS�DQG�)DWLJXH�LQ�5KHXPDWRLG� 
 
$UWKULWLV�� $� 5DQGRPL]HG�� &RQWUROOHG�
6WXG\��-�5KHXP��������2FWREHU���� 
����������-����� 
 
$17(5,25�&58&,$7(�/,*$0(17�

5(&216758&7,21�,1�7+(�
81,7('�67$7(6 

 
$QWHULRU� FUXFLDWH� OLJDPHQW� �$&/��

LQMXU\�LV�RQH�RI�WKH�PRVW�H[WHQVLYHO\�
VWXGLHG� PXVFXORVNHOHWDO� FRQGLWLRQV��
7KH� WUXH� LQFLGHQFH� RI� $&/�
FRQVWUXFWLRQ� WKH� 8QLWHG� 6WDWHV� LV�
FXUUHQWO\� XQNQRZQ�� 7KLV� VWXG\� ZDV�
GHVLJQHG�WR�GHWHUPLQH�WKH�LQFLGHQFH�
RI� $&/� UHFRQVWUXFWLRQ� LQ� WKH�8QLWHG�
6WDWHV�� DQG� WR� LGHQWLI\� FKDQJHV� LQ�
WKLV� LQFLGHQFH� EHWZHHQ� ����� DQG�
����� 
8VLQJ� GDWD� IURP� WKH� 1DWLRQDO�

+RVSLWDO� 'LVFKDUJH� 6XUYH\� DQG� WKH�
1DWLRQDO� 6XUYH\� RI� $PEXODWRU\�
6XUJHU\�� WKH� DXWKRUV� LGHQWLILHG�
SDWLHQWV� ZKR� KDG� XQGHUJRQH� $&/�
UHFRQVWUXFWLRQ� LQ� WKH� 8QLWHG� 6WDWHV��
'DWD� ZHUH� H[WUDFWHG� LQFOXGHG�
ORFDWLRQ� RI� SURFHGXUH�� DJH�� JHQGHU�
DQG�GLDJQRVHV��)URP�WKHVH�GDWD�WKH�
$&/� UHFRQVWUXFWLRQ� LQFLGHQFHV� LQ�
�����DQG�LQ������ZHUH�FDOFXODWHG� 
:KHQ� FRUUHFWHG� IRU� SRSXODWLRQ�

FKDQJHV�� WKH� QXPEHU� RI� $&/�
UHFRQVWUXFWLRQ� � SURFHGXUHV� � URVH�
IURP� ������ SHU� �������� SHUVRQ-
\HDUV� LQ� ����� WR�������SHU� ��������
SHUVRQ-� \HDUV� LQ� ����� � �S ���������
7KH�QXPEHU�RI�$&/� UHFRQVWUXFWLRQV�
SHUIRUPHG� LQ� WKH� 8QLWHG� 6WDWHV� IRU�
SDWLHQWV� \RXQJHU� WKDQ� ��� \HDUV�
LQFUHDVHG� IURP� ������ SHU� ��������
SHUVRQ-\HDUV� LQ� ����� WR� ������ SHU�
�������� SHUVRQ-\HDUV� LQ� ������ ,Q�
DGGLWLRQ�� WKH� QXPEHU� RI� $&/�
UHFRQVWUXFWLRQV� SHUIRUPHG� LQ� WKRVH�
��� ����SHU� �������� SHUVRQ-\HDUV� LQ�
����� WR� ����� SHU� �������� SHUVRQ-�
\HDUV� LQ� ����� 7KH� QXPEHU� RI�
UHFRQVWUXFWLRQV� SHUIRUPHG� LQ�
IHPDOHV�LQFUHDVHG�IURP�����LQ������
WR�����LQ������ 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� WKH� LQFLGHQFH� RI� $&/�
UHFRQVWUXFWLRQ� LQFUHDVHG� EHWZHHQ�
����� DQG� ������ ZLWK� VLJQLILFDQW�
LQFUHDVHV� RFFXUULQJ� LQ� IHPDOHV��
WKRVH� \RXQJHU� WKDQ� ��� \HDUV� DQG�
WKRVH�ROGHU�WKDQ����\HDUV�RI�DJH� 
 
0DOO��1���HW�DO��,QFLGHQFH�DQG�7UHQGV�
RI� $QWHULRU� &UXFLDWH� /LJDPHQW�
5HFRQVWUXFWLRQ�LQ�WKH�8QLWHG�6WDWHV��
$P�-�6SRUWV�0HG��������2FWREHU��
�������������-����� 

$8',29,68$/�0$1,)(67$7,216�
2)�3625,$7,&�$57+5,7,6 

6HQVRULQHXUDO�KHDULQJ�ORVV��61+/��
DQG� DFXWH� DXGLRYHVWLEXODU�
G\VIXQFWLRQ� DUH� NQRZQ� WR� RFFXU� LQ�
LQGLYLGXDOV�ZLWK� UKHXPDWLF� GLVHDVHV��
+RZHYHU�� OLWWOH� LV� NQRZQ� DERXW� WKH�
DXGLWRU\� PDQLIHVWDWLRQV� LQ� SDWLHQWV�
ZLWK� SVRULDWLF� DUWKULWLV� �3V$��� 7KLV�
VWXG\� H[DPLQHG� ZKHWKHU� WKH�
IUHTXHQF\� RI� VHQVRULQHXUDO� KHDULQJ�
ORVV� LV� LQFUHDVHG� DPRQJ� SDWLHQWV�
ZLWK�SVRULDWLF�DUWKULWLV� 
7KLV� VWXG\� FRPSULVHG� ��� SDWLHQWV�

ZLWK� 3V$� DQG� ���PDWFKHG� FRQWUROV��
$XGLRORJLF DQG 
 YHVWLEXODU� DVVHVVPHQWV� ZHUH�
SHUIRUPHG� WR� DVVHVV� IRU� VSHHFK�
UHFHSWLRQ� WKUHVKROG�� VHQVRULQHXUDO�
KHDULQJ� ORVV� DQG� FRPSXWHUL]HG�
G\QDPLF� SRVWXURJUDSK\��
$VVRFLDWLRQV� EHWZHHQ�
DXGLRYHVWLEXODU�WHVWV DQG�
HSLGHPLRORJLFDO�DQG�FOLQLFDO� IHDWXUHV�
ZHUH�GHWHUPLQHG� 
6XEMHFWLYH� KHDULQJ� ORVV� RFFXUUHG�

LQ� ������ RI� 3V$� DQG� LQ� ����� RI�
FRQWUROV� �S� �������� ,Q�DGGLWLRQ�� WKH�
IUHTXHQF\� RI� RWKHU� V\PSWRPV� VXFK�
DV� WLQQLWXV�� YHUWLJR� GL]]LQHVV�� DQG�
GLVHTXLOLEULXP� ZDV� VLJQLILFDQWO\�
LQFUHDVHG�LQ�SDWLHQWV�ZLWK�3V$�ZKHQ�
FRPSDUHG� WR�PDWFKHG�FRQWUROV� �S� ��
������ IRU� DOO� FRPSDULVRQV�� 2I� WKH�
SDWLHQWV� ZLWK� 3V$�� ����
GHPRQVWUDWHG� DEQRUPDO� KHDULQJ�
ORVV�� DV� FRPSDUHG� WR� ����� RI� WKH�
FRQWUROV� �S� �� �������� $XGLRPHWULF�
WHVWV� GHPRQVWUDWHG� V\PPHWULF�
VHQVRULQHXURQDO� KHDULQJ� ORVV�
�61+/��DV� WKH�SUHGRPLQDQW�SDWWHUQ��
3DWLHQWV� ZLWK� 3V$� H[SHULHQFHG�
DEQRUPDO� RFXORFHSKDOLF� UHVSRQVHV��
LQFUHDVHG� IUHTXHQF\� RI� DEQRUPDO�
FDORULF� WHVW� UHVXOWV� DQG� DEQRUPDO�
FRPSXWHUL]HG� G\QDPLF�
SRVWXURJUDSK\�� DV� FRPSDUHG� WR�
FRQWUROV� �S ������� S������� DQG�
S��������UHVSHFWLYHO\�� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

VWURQJ� HYLGHQFH� RI� LQQHU� HDU�
FRPSURPLVH� LQ� SDWLHQWV� ZLWK�
SVRULDWLF�DUWKULWLV� 
 
$PRU-'RUDGR�� -��� HW� DO��
,QYHVWLJDWLRQV� LQWR� $XGLRYHVWLEXODU�
0DQLIHVWDWLRQV� LQ� 3DWLHQWV� ZLWK�
3VRULDWLF� $UWKULWLV�� -� 5KHXP�� ������
2FWREHU��������������-����� 
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3UHYLRXV� VWXGLHV� FRQFHUQLQJ�

RI� H[HUFLVH�� RU� VWDQGDUG� FDUH� SOXV� D�
��-ZHHN�KRPH�H[HUFLVH�SURJUDP��7KH�
H[HUFLVH�SURJUDP� LQFOXGHG�UHVLVWDQFH�
WUDLQLQJ�� D� ZDONLQJ� SURJUDP�
�GHYHORSHG�DFFRUGLQJ�WR�WKH�$PHULFDQ�
&ROOHJH� RI� 6SRUWV� 0HGLFLQH�
JXLGHOLQHV�� DQG� D� GDLO\� IOH[LELOLW\�
SURJUDP��7KRVH�LQ�WKH�H[HUFLVH�JURXS�
ZHUH�DVVHVVHG�DW�EDVHOLQH�DQG�HYHU\�
WKUHH� ZHHNV�� ZKLOH� WKH� FRQWURO� JURXS�
ZDV� DVVHVVHG� DW� EDVHOLQH� DQG� DW� ���
ZHHNV�� 3DUWLFLSDQWV� ZHUH� HYDOXDWHG�
XVLQJ� WKH� +HDOWK� $VVHVVPHQW�
4XHVWLRQQDLUH� 'LVDELOLW\� ,QGH[�� IRU�
SDLQ� DQG� VWLIIQHVV� XVLQJ� D� YLVXDO�
DQDORJXH� VFDOH�� IRU� IDWLJXH� XVLQJ� WKH�
)DWLJXH� 6HYHULW\� 6FDOH� DQG� IRU� VOHHS�
TXDOLW\� XVLQJ� WKH� 3LWWVEXUJK� 6OHHS�
4XDOLW\� ,QGH[�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH�ZDV�VOHHS�LPSURYHPHQW� 
)RUW\� SDUWLFLSDQWV� ZHUH� LQFOXGHG� LQ�

WKH�DQDO\VLV��,Q�ERWK�JURXSV��WKH�PRVW�
FRPPRQO\� UHSRUWHG� VWDWHPHQW�
UHJDUGLQJ� IDWLJXH� DQG� TXDOLW\-RI-OLIH�
ZDV�� ³)DWLJXH� LV� DPRQJ� P\� WKUHH�
PRVW� GLVDEOLQJ� V\PSWRPV�´� 7KH�
VHFRQG�PRVW�FRPPRQ�VWDWHPHQW�ZDV��
³,� FDQ� HDVLO\� IDWLJXH�´� &RPSDUHG� WR�
WKH�FRQWURO�JURXS��VLJQLILFDQWO\�JUHDWHU�
LPSURYHPHQWV� ZHUH� QRWHG� IRU� WKH�
LQWHUYHQWLRQ� JURXS� LQ� SDLQ� �S �������
VWLIIQHVV� �S ������� VXEMHFWLYH� VOHHS�
TXDOLW\� �S ������DQG�)DWLJXH�6HYHULW\�
6FDOH�VFRUHV��S ������ 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� UKHXPDWRLG� DUWKULWLV�
GHPRQVWUDWHV� WKDW� DQ� H[HUFLVH�
SURJUDP� LQFOXGLQJ� UHVLVWDQFH��
FDUGLRYDVFXODU� H[HUFLVH� DQG�
VWUHWFKLQJ� FDQ� VLJQLILFDQWO\� DIIHFW�
IDWLJXH�DQG�VOHHS�TXDOLW\� 
'XUFDQ��/���HW�DO��(IIHFW�RI�([HUFLVH�RQ�



 

3DJH�� �������1RYHPEHU�������� ���������   ��9ROXPH����1XPEHU���  

FDUERK\GUDWH� LQJHVWLRQ� SULRU� WR�
H[HUFLVH�KDYH�SURGXFHG� LQFRQVLVWHQW�
UHVXOWV�� 7KLV� VWXG\� FRPSDUHG� WKH�
HIIHFWV�RI�FDUERK\GUDWH�JHO� LQJHVWLRQ�
DW� YDU\LQJ� WLPHV� EHIRUH� WKH�RQVHW� RI�
H[HUFLVH� 
)RXU� WULDOV�� LQYROYLQJ� VHYHQ� PDOH�

WULDWKOHWHV�� ZHUH� FRQGXFWHG� LQ�
UDQGRP� RUGHU�� VHSDUDWHG� E\� VHYHQ�
GD\V�� 7KHVH� WULDOV� LQYROYHG� SODFHER�
LQJHVWLRQ� LPPHGLDWHO\� EHIRUH�
H[HUFLVH�� FDUERK\GUDWH� LQJHVWLRQ�
LPPHGLDWHO\� EHIRUH� H[HUFLVH� �&����
FDUERK\GUDWH� LQJHVWLRQ� ��� PLQXWHV�
EHIRUH� H[HUFLVH� �&���� RU�
FDUERK\GUDWH� LQJHVWLRQ� ���� PLQXWHV�
EHIRUH� H[HUFLVH� �&������ 7KH�
FDUERK\GUDWH JHO LQFOXGHG�
PDOWRGUH[WULQ� ��� J�� ZLWK� D� WRWDO�
FDORULF� YDOXH� RI� ���� NFDO�� 7KH�
H[HUFLVH� SURWRFRO� FRPSULVHG� ���
VXFFHVVLYH�VHWV�RI�IRXU-PLQXWH�ERXWV�
RI� H[HUFLVH� DW� XS� WR� ���� RI� 92��
PD[�� 9HQRXV� EORRG� VDPSOHV� ZHUH�
FROOHFWHG� HYHU\� IRXU� PLQXWHV�
WKURXJKRXW�WKH�H[HUFLVH� 
%ORRG�JOXFRVH�FRQFHQWUDWLRQV�ZHUH�

KLJKHU� LQ� WKH� &�� WULDO� IURP� �-���
PLQXWHV� WKDQ� LQ� WKH� RWKHU� WULDOV�
�S�������� 7KH� DYHUDJH� UDWLQJ� RI�
SHUFHLYHG� H[HUWLRQ� RYHU� �� WR� ���
PLQXWHV� ZHUH� VLPLODU� EHWZHHQ� WKH�
WULDOV�� +RZHYHU� RYHU� ��� WR� ���
PLQXWHV� RI� H[HUFLVH� WKH� UDWH� RI�
SHUFHLYHG� H[HUWLRQ� ZDV� VLJQLILFDQWO\�
ORZHU� LQ� WKH�&�� DQG� WKH�&���� WULDOV�
WKDQ�LQ�WKH�SODFHER�WULDO� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� FDUERK\GUDWH� LQJHVWLRQ�
LPPHGLDWHO\� EHIRUH� H[HUFLVH� UHVXOWV�
LQ�KLJKHU�JOXFRVH�FRQFHQWUDWLRQV�DQG�
ORZHU� SHUFHLYHG� H[HUWLRQ� RYHU� WKH�
ILQDO����PLQXWHV�RI�H[HUFLVH� 

 
.RKDUD�� $�� HW� DO�� &DUERK\GUDWH� *HO�
,QJHVWLRQ� ,PPHGLDWHO\� EHIRUH�
3URORQJHG� ([HUFLVH� &DXVHV�
6XVWDLQHG� +LJKHU� *OXFRVH�
&RQFHQWUDWLRQV� DQG� /RZHU� )DWLJXH��
,QWHU� -� 6SRUW� +HDOWK� 6FL������������
��-��� 
 
',$*126,1*�3(5,35267+(7,&�

-2,17�,1)(&7,21 
 
3HULSURVWKHWLF� MRLQW� LQIHFWLRQ�

DFFRXQWV� IRU� ���� RI� IDLOHG� NQHH�
DUWKURSODVWLHV� DQG� ���� RI� IDLOHG� KLS�
DUWKURSODVWLHV�� 7KLV� VWXG\� HYDOXDWHG�
WKH� GLDJQRVWLF� FKDUDFWHULVWLFV� RI�
V\QRYLDO�IOXLG�ELRPDUNHUV�DV�D�PHDQV�
WR�GHWHFW�SRVWRSHUDWLYH�SHULSURVWKHWLF�
MRLQW�LQIHFWLRQ� 
7KLV���SURVSHFWLYH���VWXG\�LQFOXGHG 

��� � � � � � � SDWLHQWV� � � � � � � XQGHUJRLQJ�������
��� DUWKURSODVWLHV�� EHOLHYHG� WR� EH�
DVHSWLF� IDLOXUHV�� DQG� ���
DUWKURSODVWLHV� GLDJQRVHG� DV�
SHULSURVWKHWLF� MRLQW� LQIHFWLRQ�� $PRQJ�
WKRVH� ZLWK� SHULSURVWKHWLF� MRLQW�
LQIHFWLRQ�� ��� ZHUH� FXOWXUH� SRVLWLYH�
DQG� VL[� ZHUH� FXOWXUH� QHJDWLYH��
6\QRYLDO� IOXLG� ZDV� WDNHQ� WR� DVVHVV�
IRU� ��� ELRPDUNHUV�� 7KH� VHQVLWLYLW\�
DQG� VSHFLILFLW\� RI� HDFK� ELRPDUNHU�
ZDV�FDOFXODWHG�DW�YDULRXV� WKUHVKROGV�
IRU� FRUUHFW� WHVW� UHVXOWV�� %LRPDUNHUV�
ZHUH� FRPSDUHG� IRU� DELOLW\� WR� SUHGLFW�
WKH�GLDJQRVLV�RI�LQIHFWLRQ��DV�GHILQHG�
E\� WKH� 0XVFXORVNHOHWDO� ,QIHFWLRQ�
6RFLHW\��06,6�� 
)LYH�ELRPDUNHUV�FRUUHFWO\�SUHGLFWHG�

D�SHULSURVWKHWLF�MRLQW�LQIHFWLRQ��7KHVH�
ELRPDUNHUV�KDG�D�VHQVLWLYLW\�RI������
DQG� D� VSHFLILFLW\� RI� ������ 7KHVH�
SUHGLFWRUV�LQFOXGHG�Į-�GHIHQVLQ��(/$-
��� %3,�� ODFWRIHUULQ�� DQG� 1*$/�� 1R�
VLJQLILFDQW� UHODWLRQVKLS� ZDV� VHHQ�
EHWZHHQ� WKHVH� ELRPDUNHUV� DQG�
V\QRYLDO�IOXLG�ZKLWH�EORRG�FHOO�FRXQW� 
&RQFOXVLRQ�� 7KLV� VWXG\�

HYDOXDWHG� SRWHQWLDO� ELRPDUNHUV� IRU�
GLDJQRVLQJ� SHULSURVWKHWLF� LQIHFWLRQ�
DIWHU� MRLQW� UHSODFHPHQW� VXUJHU\��
ILQGLQJ� ILYH� ZKLFK� KDYH� �����
VHQVLWLYLW\� DQG� VSHFLILFLW\� IRU�
LGHQWLI\LQJ�WKHVH�LQIHFWLRQV� 
 
'HLUPHQJLDQ�� &��� HW� DO�� 'LDJQRVLQJ�
3HULSURVWKHWLF� -RLQW� ,QIHFWLRQ�� +DV�
7KH� (UD� RI� WKH� %LRPDUNHU� $UULYHG"�
&OLQ� 2UWKR� 5HODWHG� 5HVHDUFK��
������ 1RYHPEHU�� ��������� ����-
���� 

())(&7�2)�/80%$5�685*(5<�
21/80%26$&5$/���� 
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6LQFH� WKH� ����V�� SHGLFOH� VFUHZ�
LQVWUXPHQWDWLRQ� IRU� WKH� VSLQH� KDV�
EHHQ� ZLGHO\� XVHG� WR� WUHDW� YDULRXV�
SDWKRORJLF� FRQGLWLRQV�� LQFOXGLQJ�
GHJHQHUDWLYH� GLVHDVH�� WUDXPD��
WXPRUV�DQG GHIRUPLW\� 
5HSRUWHG� SRVWRSHUDWLYH� QHXURORJLF�

GHILFLW� UDWHV� DIWHU� WKLV� SURFHGXUH�
UDQJH� IURP� RQH� WR� ����� 7KLV� VWXG\�
HYDOXDWHG� WKH� SDWK� RI� SK\VLRORJLF�
HIIHFWV� RI� OXPEDU� LQVWUXPHQWDWLRQ� RQ�
OXPERVDFUDO� QHUYH� URRWV� LQ� WKH�
YHUWHEUDO�IRUDPHQ� 
7KLV� VWXG\� LQFOXGHG����SDWLHQWV�ZLWK�
/� GHJHQHUDWLYH� VSRQG\OROLVWKHVLV�
ZLWK� OXPEDU� VSLQDO� FDQDO� VWHQRVLV� DW�
WKH�/�–/��DQG�/�–/��VHJPHQWV��7KH�
SDWLHQWV� XQGHUZHQW� /�–/�� DQG� /�–
/�� ODPLQRWRP\� ZLWK� /�–/��
SRVWHULRUODWHUDO� IXVLRQ� �3/)�� /RFDO�

SUHVVXUH� ZDV� PHDVXUHG� EHIRUH� DQG�
DIWHU� VXUJHU\�� ZLWK� WKH� VSLQH� LQ�
QHXWUDO�DQG�LQ�H[WHQVLRQ� 
$W�WKH�/��-��YHUWHEUDO�IRUDPHQ��WKH�

DYHUDJH� SUHVVXUHV� ZLWK� WKH� VSLQH�
QHXWUDO�DQG�H[WHQVLRQ�SRVWXUHV��HUH 
������ DQG� ������ PP+J� EHIRUH�

IL[DWLRQ�DQG�������DQG�������PP+J�
DIWHU� IL[DWLRQ�� UHVSHFWLYHO\� �S�������
IRU�SUHVXUJHU\�RQO\���$W�/-�-6���WKHVH�
YDOXHV�ZHUH�������DQG�������EHIRUH�
IL[DWLRQ� DQG� ������ DQG� ������ DIWHU�
IL[DWLRQ��S�������IRU�ERWK�� 
&RQFOXVLRQ�� 7KLV� VWXG\�

GHPRQVWUDWHV� WKDW�� DIWHU� OXPEDU�
LQVWUXPHQWDWLRQ�� KLJKHU� H[WHUQDO�
G\QDPLF�VWUHVVHV�PD\�RFFXU�LQ�QHUYH�
URRWV�FDXGDO�WR�IL[HG�VHJPHQWV��ZKLOH�
QHUYH� URRWV� LQ� IL[HG� VHJPHQWV�
H[SHULHQFH� OHVV� H[WHUQDO� G\QDPLF�
VWUHVVHV�ZLWK�SRVLWLRQDO�FKDQJHV� 
 
0RULVKLWD��<���HW�DO��3DWKRSK\VLRORJLF�
(IIHFWV� RI� /XPEDU� ,QVWUXPHQWDWLRQ�
6XUJHU\� RQ� /XPERVDFUDO� 1HUYH�
5RRWV� LQ� WKH� 9HUWHEUDO� )RUDPHQ��
6SLQH�� ������ 2FWREHU�� ��������
(����-(����� 
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:KLOH� VXEDFURPLDO� SDLQ� LV�
FRPPRQ�� WKHUH� LV� QR� FRQVHQVXV�
FRQFHUQLQJ� WKH� LGHDO� SURJUDP� IRU�
WUHDWLQJ� LWV� V\PSWRPV�� 7KLV� VWXG\�
H[DPLQHG� ZKHWKHU� D� VSHFLILF�
H[HUFLVH� SURJUDP� FDQ� UHGXFH�
VXUJLFDO� LQWHUYHQWLRQ�IRU�SDWLHQWV�ZLWK�
URWDWRU�FXII�WHDUV� 
1LQHW\-�VHYHQ�SDWLHQWV�ZLWK�FOLQLFDO�

VLJQV�RI�VXEDFURPLDO�SDLQ��EXW�QRW�RI�
PDMRU�URWDWRU�FXII�WHDU��ZHUH�VWXGLHG��
$OO� ZHUH� RQ� D� ZDLWLQJ� OLVW� IRU�
DUWKURVFRSLF VXEDFURPLDO�
GHFRPSUHVVLRQ� VXUJHU\�� DQG� DOO� KDG�
FRPSODLQHG� RI� ODWHUDO� VKRXOGHU� SDLQ�
RI� DW� OHDVW� VL[� PRQWKV¶� GXUDWLRQ�� $W�
LQFOXVLRQ�� DOO� SDWLHQWV� UHFHLYHG� D�
VXEDFURPLDO� FRUWLFRVWHURLG� LQMHFWLRQ��
7KH� VXEMHFWV� ZHUH� WKHQ� UDQGRPL]HG�
WR� RQH� RI� WZR� H[HUFLVH� SURJUDPV��
7KH� WUHDWPHQW� SURJUDP� SHUIRUPHG�
HFFHQWULF� H[HUFLVHV� IRU� WKH� URWDWRU�
FXII�� DORQJ� ZLWK� D� FRPELQDWLRQ� RI�
FRQFHQWULF� DQG� HFFHQWULF� H[HUFLVHV�
IRU� WKH� VFDSXODU� VWDELOL]HUV�� 7KH�
FRQWURO� SURJUDP� LQFOXGHG� VL[� DFWLYH�
PRYHPHQWV� IRU� WKH� QHFN� DQG�
VKRXOGHU� ZLWKRXW� DQ\� ORDG� RU�
SURJUHVVLRQ�� 7KH� SULPDU\� RXWFRPH�
PHDVXUHV�ZHUH� WKH�&RQVWDQW�0XUOH\�
�&-0�� VFRUH� DQG� WKH� GHFLVLRQ� WR�
DFFHSW� VXUJLFDO� LQWHUYHQWLRQ� DIWHU�
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WUHDWPHQW� � FRPSOHWLRQ�� 6HFRQGDU\�
RXWFRPHV� LQFOXGHG� WKH� 'LVDELOLW\� RI�
WKH� $UP�� 6KRXOGHU� DQG� +DQG�
4XHVWLRQQDLUH�� D� YLVXDO� DQDORJXH�
VFDOH� IRU� SDLQ� DQG� KHDOWK� UHODWHG�
TXDOLW\� RI� OLIH�� DVVHVVHG� ZLWK� WKH�
(XUR4XDO�LQVWUXPHQW� 
1LQHW\-ILYH�SDWLHQWV�ZHUH�DVVHVVHG�

DW� RQH-\HDU� IROORZ-XS�� &-0� VFRUHV�
UHYHDOHG� VLJQLILFDQW� LPSURYHPHQW�
EHWZHHQ�WKUHH�PRQWKV�DQG�RQH�\HDU��
6LPLODU� ILQGLQJV� ZHUH� QRWHG� IRU� DOO�
VHFRQGDU\� RXWFRPHV�� 6LJQLILFDQWO\�
PRUH� SDWLHQWV� LQ� WKH� FRQWURO� JURXS�
WKDQ� LQ� WKH� H[HUFLVH� JURXS� GHFLGHG�
WR� XQGHUJR� VXUJHU\� IROORZLQJ�
WUHDWPHQW� FRPSOHWLRQ� ����� YHUVXV�
����� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� VFKHGXOHG� IRU� DUWKURVFRSLF�
VXEDFURPLDO� GHFRPSUHVVLYH� VXUJHU\�
IRXQG� WKDW� DQ� H[HUFLVH� SURJUDP�
FRQVLVWLQJ� RI� FRQFHQWULF� DQG�
HFFHQWULF�H[HUFLVHV�ZLWK�SURJUHVVLYH�
ORDGV� FDQ� VLJQLILFDQWO\� UHGXFH� WKH�
LQFLGHQFH�RI�VXUJHU\� 
 
+DOOJUHQ�� +��� HW� DO�� $� � 6SHFLILF�
([HUFLVH� 6WUDWHJ\� 5HGXFHG� WKH�
1HHG� IRU� 6XUJHU\� LQ� 6XEDFURPLDO�
3DLQ� 3DWLHQWV�� %U� -� 6SRUWV� 0HG��
������2FWREHU��������������-����� 
 
*/8&2&257,&2,'6�$1'�,21-�
&+$11(/-0(',$7('�72;,&,7< 

 
7KH� FHOOXODU� DQG� PROHFXODU�

PHFKDQLVPV� XQGHUO\LQJ� URWDWRU� FXII�
WHQGRQ� GHJHQHUDWLRQ� KDYH� LQFOXGHG�
ERWK� LQWULQVLF� WHQGRQ� IDLOXUH� DQG�
PHFKDQLFDO� LPSLQJHPHQW�� 7KH�
QHXURQDO� FKDQJHV� LQ� WHQGLQRSDWK\�
DSSHDU� FRQVLVWHQW� ZLWK� D� IDLOHG�
KHDOLQJ� UHVSRQVH� DQG� DQ�
XSUHJXODWLRQ� LQ� WKH� H[FLWDWRU\��
JOXWDQLPHUJLF� V\VWHP�� 7KLV� VWXG\�
ZDV� GHVLJQHG� WR� IXUWKHU� XQGHUVWDQG�
WKH� KLVWRORJLFDO� DQG�
LPPXQRKLVWRFKHPLFDO� HIIHFWV� RI�
JOXFRFRUWLFRLG� LQMHFWLRQV� RQ� URWDWRU�
FXII�WHQGRQV� 
6XSUDVSLQDWXV� WHQGRQ� ELRSVLHV�

ZHUH� WDNHQ� IURP� HLJKW� SDWLHQWV�
XQGHUJRLQJ� URWDWRU� FXII� UHSDLU�� DQG�
IURP� ��� SDWLHQWV� XQGHUJRLQJ�
VXEDFURPLDO� JOXFRFRUWLFRLG� LQMHFWLRQ�
IRU� URWDWRU� FXII� WHQGLQRSDWK\�� )RU�
WKRVH�LQ�WKH�LQMHFWLRQ�JURXS��ELRSVLHV�
ZHUH� WDNHQ� EHIRUH� DQG� DIWHU�
LQMHFWLRQ�� )RU� WKRVH� LQ� WKH� VXUJHU\�
JURXS�� ELRSVLHV� ZHUH� WDNHQ� DW� WKH�
WLPH�RI�VXUJHU\�DQG�DW�VHYHQ�ZHHNV�
SRVW-� VXUJHU\�� 3DWLHQWV� LQ� WKH�
LQMHFWLRQ� JURXS� UHFHLYHG� RQH�

XOWUDVRXQG�JXLGHG�LQMHFWLRQ�RI����PJ�
RI� 'HSR-0HGURO� DQG� �� P/� RI� ���
OLJQRFDLQH� LQWR� WKH� VXEDFURPLDO�
EXUVD�� %LRSVLHV� ZHUH� DVVHVVHG� IRU�
KLVWRORJ\� DQG�
LPPXQRKLVWRFKHPLVWU\� 
$� VLJQLILFDQW� LQFUHDVH� LQ� QXFOHL�

FRXQW� DQG� YDVFXODULW\� ZDV� QRWHG�
DIWHU�URWDWRU�FXII�UHSDLU��DOWKRXJK�QRW�
DIWHU� JOXFRFRUWLFRLG� LQMHFWLRQ�
�S ������ IRU� ERWK� FRPSDULVRQV��� ,Q�
DGGLWLRQ�� K\SR[LD� LQGXFLEOH� IDFWRU� ,�
DOSKD� DQG� FHOO� SUROLIHUDWLRQ� ZHUH�
LQFUHDVHG� DIWHU� URWDWRU� FXII� UHSDLU��
DQG�QRW�DIWHU�JOXFRFRUWLFRLG�LQMHFWLRQ��
7KH�1-PHWK\O-'�DVSDUWDPH�UHFHSWRU
-��JOXWDPDWH�UHFHSWRU�ZDV�LQFUHDVHG�
DIWHU�JOXFRFRUWLFRLG�LQMHFWLRQ�DQG�QRW�
DIWHU� URWDWRU�FXII� UHSDLU��$Q� LQFUHDVH�
LQ� WKH� UHFHSWRU� PHWDERWURSLF�
JOXWDPDWH� UHFHSWRU� VHYHQ� ZDV�
QRWHG��EXW�RQO\�VHHQ�DIWHU�WKH�URWDWRU�
FXII�UHSDLU��S ������� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� URWDWRU� FXII� WHDUV� RU�
URWDWRU�FXII� WHQGLQRSDWK\� IRXQG� WKDW��
DIWHU� VWHURLG� LQMHFWLRQ�� LQGLFDWRUV� RI�
SUROLIHUDWLYH� KHDOLQJ� UHVSRQVH� ZHUH�
DEVHQW� LQ� D� JOXFRFRUWLFRLG� WUHDWHG�
JURXS�� ZLWK� LQFUHDVHV� LQ� JOXWDPDWH�
UHFHSWRU� 10'$5� �� DIWHU� VWHURLG�
LQMHFWLRQ� VXJJHVWLQJ� H[F\WRWR[LF�
WHQGRQ�GDPDJH� 
 
'HDQ�� %��� HW� DO�� *OXFRFRUWLFRLGV�
,QGXFH� 6SHFLILF� ,RQ-&KDQQHO-�
0HGLDWHG�7R[LFLW\� LQ�+XPDQ�5RWDWRU�
&XII� 7HQGRQ�� $� 0HFKDQLVP�
8QGHUSLQQLQJ� WKH� 8OWLPDWH�
'HOHWHULRXV� (IIHFW� RI� 6WHURLG�
,QMHFWLRQ� LQ� 7HQGLQRSDWK\"� %U� -�
6SRUWV� 0HG�� ������ 'HFHPEHU�� ��
����������-����� 
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:KLOH� QRQVWHURLGDO� DQWL-�
LQIODPPDWRU\� GUXJV� DUH� NQRZQ� WR�
LPSURYH� V\PSWRPV� RI� RVWHRDUWKULWLV�
�2$���WKH\�DOVR�KDYH�FDXWLRQDU\�VLGH�
HIIHFWV�� 3*� ����� �/D\OD��� LV� DQ�
HWKDQRO� H[WUDFW� RI� ��� SODQW� VRXUFHV��
DOO�ZLWK�NQRZQ GLVHDVH�
PRGLI\LQJ�FKDUDFWHULVWLFV��7KLV�VWXG\�
FRPSDUHG� WKH� HIILFDF\� RI� FHOHFR[LE�
ZLWK�WKDW�RI�/D\OD�IRU�WKH�WUHDWPHQW�RI�
V\PSWRPDWLF�NQHH�2$ 
7KLV� UDQGRPL]HG�� GRXEOH-EOLQG��

FRQWUROOHG�WULDO� LQFOXGHG�����SDWLHQWV�
DJHV� ��� WR� ��� \HDUV� ZLWK�
V\PSWRPDWLF� NQHH� 2$�� $W� EDVHOLQH��
WKH� VXEMHFWV� ZHUH� VFUHHQHG� E\�

SK\VLFDO� H[DPLQDWLRQ�� LQFOXGLQJ� D�
YLVXDO� DQDORJXH� VFDOH� IRU� SDLQ�� DV�
ZHOO� DV� E\� :20$&� VFRUHV� DQG�
ODERUDWRU\� SURILOHV�� 7KH� SDUWLFLSDQWV�
ZHUH� UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
/D\OD� DW� ���� PJ� RQFH� SHU� GD\� RU�
FHOHFR[LE� DW� ���� PJ� WZLFH� SHU� GD\�
IRU� HLJKW� ZHHNV�� 7KH� SDWLHQWV� ZHUH�
IROORZHG� DW� IRXU� DQG� HLJKW� ZHHNV�
DIWHU�PHGLFDWLRQ�RQVHW��$W�VWXG\�HQG��
DOO� XQGHUZHQW� ODERUDWRU\� SURILOLQJ��
9LVXDO� DQDORJXH� VFDOH� VFRUHV�
LPSURYHG� IRU� WKH� /D\OD� JURXS� IURP�
����� DW� EDVHOLQH� WR� ����� DW� ZHHN�
IRXU�� DQG������DW�ZHHN�HLJKW�� ,Q� WKH�
FHOHFR[LE�JURXS��SDLQ�LPSURYHG�IURP�
����� DW� EDVHOLQH� WR� ����� DW� ZHHN�
IRXU�� DQG� ����� DW� ZHHN� HLJKW�� 7KH�
SODFHER� JURXS�KDG� QR� LPSURYHPHQW�
LQ� SDLQ� VFRUHV�� %RWK� JURXSV�
GHPRQVWUDWHG� VLJQLILFDQW�
LPSURYHPHQWV� LQ� SDLQ� VFRUHV�� ZLWK�
QR� GLIIHUHQFHV� QRWHG� EHWZHHQ� WKH�
WZR�JURXSV��1R�VLJQLILFDQW�GLIIHUHQFH�
ZDV� QRWHG� EHWZHHQ� WKH� JURXSV� LQ�
WKH� WROHUDELOLW\� SURILOH� RI� WKH�
PHGLFDWLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� RVWHRDUWKULWLV�
GHPRQVWUDWHV� WKDW� ERWK� FHOHFR[LE�
DQG� /D\OD� DUH� HIIHFWLYH� LQ� UHGXFLQJ�
SDLQ�� ZLWK� QR� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� WKH� JURXSV� LQ� HIILFDF\� RU�
VLGH�HIIHFWV� 
 
<RR�� :�-+��� HW� DO�� (IILFDF\� DQG�
6DIHW\� RI� 3*���� �/D\OD�� DQG�
&HOHFR[LE� LQ� WKH� 7UHDWPHQW� RI�
6\PSWRPDWLF� .QHH�2VWHRDUWKULWLV�� $�
'RXEOH-%OLQG�� 5DQGRPL]HG��
0XOWLFHQWHU�� $FWLYH� 'UXJ�
&RPSDUDWLYH�� 3DUDOOHO� *URXS��
1RQLQIHULRULW\�� 3KDVH� �� 6WXG\��
5KHXP� ,QWHUQDW�� ������ 2FWREHU��
�������-����� 
 
+,3�$1'�&25(�9(5686�.1((�
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7UHDWPHQW� RI� SDWHOORIHPRUDO� SDLQ�

�3)3�� KDV� WUDGLWLRQDOO\� IRFXVHG� RQ�
WKH� TXDGULFHSV�� VXJJHVWLQJ� WKDW� DQ�
LPEDODQFH� EHWZHHQ� WKH� YDVWXV�
PHGLDOLV� REOLTXH� DQG� WKH� YDVWXV�
ODWHUDOLV�FDQ� OHDG� WR� LQFUHDVHG�3)3���
0RUH�UHFHQWO\��3)3�ZDV�SURSRVHG�WR�
EH� UHODWHG� WR� UHGXFHG� KLS� VWUHQJWK�
DQG� FRUH� HQGXUDQFH�� 7KLV� VWXG\�
FRPSDUHG� WKH� HIILFDF\� RI� D� KLS� DQG�
FRUH� IRFXVHG�� YHUVXV� D� NQHH�
IRFXVHG�� UHKDELOLWDWLRQ� SURWRFRO� IRU�
WKH�WUHDWPHQW�RI�3)3� 
7KLV� VLQJOH-EOLQG�� PXOWLFHQWHU��
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UDQGRPL]HG�� FRQWUROOHG� WULDO� LQYROYHG�
����SDWLHQWV�ZLWK�3)3�RI�DW�OHDVW�IRXU�
ZHHNV� GXUDWLRQ�� 7KRVH� LQ� WKH� KLS�
SURWRFRO� JURXS� UHFHLYHG� SURJUHVVLYH�
FRUH� VWUHQJWKHQLQJ� DQG� EDODQFH�
H[HUFLVHV� WDUJHWLQJ� WKH� FRUH�� 7KRVH�
LQ�WKH�NQHH�SURWRFRO�XQGHUZHQW�NQHH�
IRFXVHG� H[HUFLVHV�� 7KH� VXEMHFWV�
ZHUH� DVNHG� WR� UHSHDW� WKH� H[HUFLVHV�
ILYH� WLPHV� SHU� ZHHN�� $W� VL[� ZHHNV��
WUHDWPHQW�VXFFHVV�ZDV�GHILQHG�DV�D�
PLQLPXP�RI�D���FP�LPSURYHPHQW�RQ�
WKH� YLVXDO� DQDORJXH� VFDOH� �9$6�� IRU�
SDLQ�DQG�D�PLQLPXP�RI�DQ�HLJKW-SRLQW�
LQFUHDVH� RQ� WKH� $QWHULRU� .QHH� 3DLQ�
6FDOH��$.36�� 
%RWK� JURXSV� DFKLHYHG� VLJQLILFDQW�

LPSURYHPHQWV�RQ�ERWK� WKH�9$6�DQG�
$.36�� DV� FRPSDUHG� ZLWK� EDVHOLQH��
+RZHYHU�� WKRVH� LQ� WKH� KLS� SURWRFRO�
KDG� D� VLJQLILFDQW� UHGXFWLRQ� LQ� VHOI-
UHSRUWHG�SDLQ�VWDUWLQJ�DW�ZHHN�WKUHH��
ZKLOH�WKRVH�LQ�WKH�NQHH�SURWRFRO�KDG�
D� VLJQLILFDQW� UHGXFWLRQ� VWDUWLQJ� DW�
ZHHN�IRXU� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� SDWHOORIHPRUDO� SDLQ�
IRXQG� WKDW� ERWK� KLS� DQG� FRUH�
H[HUFLVHV� DQG� NQHH� IRFXVHG�
H[HUFLVHV� FDQ� LPSURYH� SDLQ� DQG�
IXQFWLRQ�� DOWKRXJK� KLS� DQG� FRUH�
H[HUFLVHV� UHVXOWHG� LQ� DQ� HDUOLHU�
UHVROXWLRQ�RI�SDLQ� 
 
)HUEHU�� 5��� HW� DO�� 6WUHQJWKHQLQJ� RI�
WKH� +LS� DQG� &RUH� YHUVXV� .QHH�
0XVFOHV� IRU� WKH� 7UHDWPHQW� RI�
3DWHOORIHPRUDO� 3DLQ�� $� 0XOWLFHQWHU��
5DQGRPL]HG� &RQWUROOHG� 7ULDO�� -�
$WKOHWLF� 7UDLQLQJ�� ������ �������
'2,�������������-����-�������� 

,175$-$57,&8/$5�3/$7(/(7�
5,&+�3/$60$�$1'�527$725�

&8))�5(3$,5�287&20( 
 
6WXGLHV� UHSRUWLQJ� WKH� HIIHFWV� RI�

SODWHOHW�ULFK�SODVPD��353��RQ�URWDWRU�
FXII� UHSDLU� KDYH� SURGXFHG�
LQFRQVLVWHQW� UHVXOWV�� 7KLV� VWXG\�
HYDOXDWHG� IXQFWLRQDO� RXWFRPHV� RI�
SDWLHQWV�UHFHLYLQJ�LQWUDRSHUDWLYH�353�
LQMHFWLRQ� GXULQJ� WKH� UHSDLU� RI�
VXSUDVSLQDWXV�WHDUV� 
)LIW\-IRXU� VXEMHFWV� ZLWK� 05,�

HYLGHQFH� RI� FRPSOHWH� VXSUDVSLQDWXV�
WHDUV� ZHUH� VWXGLHG�� 7KH� VXEMHFWV�
ZHUH� UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
WKH�VWDQGDUG�RI�FDUH�RU� WKH�VWDQGDUG�
RI� FDUH� SOXV� 353� LQMHFWLRQV�� $W�
VXUJHU\�� EORRG� ZDV� FROOHFWHG�
LPPHGLDWHO\� DIWHU� DQHVWKHVLD�� ZLWK�
353� UHWULHYHG� IRU� LQMHFWLRQ� WR� WKH�
LQWUD-DUWLFXODU� VSDFH� DIWHU� WKH� UHSDLU�

SURFHGXUH� 
$OO� SDUWLFLSDQWV� IROORZHG� LGHQWLFDO�

UHKDELOLWDWLRQ� SURWRFROV�� LQFOXGLQJ�
VKRXOGHU� LPPRELOL]DWLRQ� IRU� VL[�
ZHHNV�� SDVVLYH� H[HUFLVH� DIWHU� WKUHH�
ZHHNV� DQG� DFWLYH� H[HUFLVH� DIWHU� VL[�
ZHHNV�� 0XVFOH� VWUHQJWKHQLQJ� EHJDQ�
DIWHU� ��� ZHHNV�� 7KH� VXEMHFWV� ZHUH�
HYDOXDWHG� DW� WKUHH�� VL[�� ��� DQG� ���
PRQWKV� XVLQJ� WKH� 8&/$� DQG�
&RQVWDQW� 6KRXOGHU� VFDOHV� IRU�
IXQFWLRQ�� DV� ZHOO� DV� WKH� 9LVXDO�
$QDORJXH�6FDOH� �9$6�� IRU� SDLQ�� DQG�
HYDOXDWLRQV�IRU�UHSHDW�WHDUV�E\�05,� 
$OO�SDWLHQWV�LPSURYHG�LQ�SDLQ��9$6��

DQG� IXQFWLRQ� �8&/$� DQG� &RQVWDQW�
VFDOHV�� FRPSDUHG� ZLWK� EDVHOLQH�
�S��������� 6LJQLILFDQW� LPSURYHPHQW�
LQ�IDYRU�RI�WKH�353�JURXS�ZDV�QRWHG�
DW����PRQWKV��DV�PHDVXUHG�E\�8&/$�
VFRUHV��DOWKRXJK�WKDW�EHQHILW�ZDV�QRW�
HYLGHQW� RQ� IROORZ-� XS� DW� ���PRQWKV��
05,� IROORZ-XS� GHPRQVWUDWHG� D�
VLQJOH�� FRPSOHWH� WHDU� LQ� WKH� FRQWURO�
JURXS� 
&RQFOXVLRQ�� 7KLV� EOLQGHG��

UDQGRPL]HG� WULDO� RI� SDWLHQWV� ZLWK�
FRPSOHWH�VXSUDVSLQDWXV�WHDUV�GLG�QRW�
ILQG� WKDW� D� SODWHOHW� ULFK� SODVPD�
LQMHFWLRQ�DW�WKH�WLPH�RI�VXUJHU\�ZRXOG�
LPSURYH� ORQJ-WHUP� IXQFWLRQDO�
RXWFRPH� 
 

0DODYROWD�� (��� HW� DO�� 3ODWHOHW� 5LFK�
3ODVPD� DQG� 5RWDWRU� &XII� 5HSDLU�� $�
3URVSHFWLYH�� 5DQGRPL]HG� 6WXG\��
$PHU� -� 6SRUWV� 0HGLFLQH�� ������
2FWREHU��������������-����� 

/$6(5�9(5686�8/75$6281'�
)25�68%$&520,$/�

,03,1*(0(17 
 

2QH�RI� WKH�PRVW� IUHTXHQW� FDXVHV� RI�
VKRXOGHU� SDLQ� LV� VXEDFURPLDO�
LPSLQJHPHQW�V\QGURPH��3UHYLRXV�GDWD�
KDYH� VKRZQ� FRQIOLFWLQJ� UHVXOWV�
FRQFHUQLQJ� WKH� HIIHFWV� RI� ORZ� OHYHO�
ODVHU� WKHUDS\�� 7KLV� VWXG\� FRPSDUHG�
WKH� HIIHFWV� RI� ORZ� OHYHO� ODVHU� WKHUDS\�
ZLWK� WKRVH� RI� XOWUDVRXQG� IRU� WKH�
WUHDWPHQW�RI�SDWLHQWV�ZLWK�VXEDFURPLDO�
LPSLQJHPHQW� 
7KLUW\-RQH� SDWLHQWV� GLDJQRVHG� ZLWK�

VXEDFURPLDO� LPSLQJHPHQW� V\QGURPH�
DJUHHG� WR� SDUWLFLSDWH� LQ� WKLV� VWXG\��2I�
WKHVH�����ZHUH�DVVLJQHG�WR�D�ORZ�OHYHO�
ODVHU� WKHUDS\� JURXS�� DQG� ��� WR� DQ�
XOWUDVRXQG� WKHUDS\�JURXS��$OO� VXEMHFWV�
XQGHUZHQW����WUHDWPHQW�VHVVLRQV�RYHU�
D� SHULRG� RI� WZR� FRQVHFXWLYH� ZHHNV��
7KH� SULPDU\� RXWFRPH�PHDVXUHV� ZHUH�
D� YLVXDO� DQDORJXH� SDLQ� VFDOH�� WKH�
6KRXOGHU� 3DLQ� DQG� 'LVDELOLW\� ,QGH[��

SDWLHQW� VDWLVIDFWLRQ�� DQG� VOHHS�
LQWHUIHUHQFH�VFRUHV� 
%RWK� JURXSV� ZHUH� IRXQG� WR� KDYH�

VLJQLILFDQW� UHGXFWLRQV� LQ� SDLQ� VFRUHV��
DV� ZHOO� DV� LQ� VKRXOGHU� SDLQ� DQG�
GLVDELOLW\� LQGH[� VFRUHV�� DW� WKUHH�
PRQWKV�� ZLWK� QR� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� WKH� WZR� WUHDWPHQW� JURXSV��
)XUWKHU�� QR� VLJQLILFDQW� GLIIHUHQFH� ZDV�
VHHQ� EHWZHHQ� WKH� WZR� JURXSV� LQ�
SDWLHQW�VDWLVIDFWLRQ�VFRUHV� 
&RQFOXVLRQ��7KLV�VWXG\�RI�SDWLHQWV�

ZLWK VXEDFURPLDO� LPSLQJHPHQW�
V\QGURPH� IRXQG� WKDW� ERWK� ORZ� OHYHO�
ODVHU� WKHUDS\� DQG� XOWUDVRXQG� WKHUDS\�
FDQ� EH� HIIHFWLYH� LQ� WUHDWLQJ� SDLQ��
GLVDELOLW\� DQG� VOHHS� LQWHUIHUHQFH�
V\PSWRPV�LQ�WKLV�SRSXODWLRQ� 
 
<DYX]�� )��� HW� DO�� /RZ� /HYHO� /DVHU�
7KHUDS\�YHUVXV�8OWUDVRXQG�7KHUDS\�LQ�
WKH� 7UHDWPHQW� RI� 6XEDFURPLDO�
,PSLQJHPHQW� 6\QGURPH�� $�
5DQGRPL]HG� &OLQLFDO� 7ULDO�� -� %DFN�
0XVFXORVNHO�5HKDE�������������� 
���-���� 
� 
/80%26$&5$/�257+26(6�)25�

7+(�0$1$*(0(17�2)� 
%$&.�3$,1 

 
/XPERVDFUDO� RUWKRVHV� �/62�� DUH�

FRPPRQO\� XVHG� LQ� WKH�PDQDJHPHQW�
RI� ORZ�EDFN�SDLQ� �/%3���6WXGLHV� WKDW�
HYDOXDWH� FOLQLFDO� RXWFRPHV� DPRQJ�
SDWLHQWV� ZHDULQJ� /62V� KDYH� QRW�
FRPSDUHG� WKH� HIILFDF\� RI� WKHVH�
RUWKRVHV�E\�WKHLU�VWLIIQHVV�SURSHUWLHV��
7KLV� VWXG\� DGGUHVVHG� VKRUW-WHUP��
FOLQLFDO� RXWFRPHV� LQ� SDWLHQWV� ZLWK�
/%3��FRPSDULQJ�DQ�LQH[WHQVLEOH�/62�
�L/62�� ZLWK� DQ� H[WHQVLEOH� /62�
�H/62�� 
7KLV� UDQGRPL]HG�� FOLQLFDO� WULDO�

LQFOXGHG� ��� SDWLHQWV� ZLWK� /%3��
UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
VWDQGDUG� FDUH� DORQH�� VWDQGDUG� FDUH�
ZLWK� DQ�H/62�RU� VWDQGDUG� FDUH�ZLWK�
DQ�L/62��3DUWLFLSDQWV�ZHUH�LQVWUXFWHG�
WR� ZHDU� WKH� RUWKRVHV� GDLO\��
SDUWLFXODUO\�GXULQJ�DFWLYLWLHV�WKDW�ZHUH�
QRWHG� WR� DJJUDYDWH� V\PSWRPV�� 7KH�
SULPDU\� RXWFRPH� PHDVXUH� ZDV� WKH�
PRGLILHG� 2VZHVWU\� 'LVDELOLW\� ,QGH[�
�2',��� ZLWK� VHFRQGDU\� RXWFRPHV�
LQFOXGLQJ�WKH�3DWLHQW�6SHFLILF�$FWLYLW\�
6FDOH��WKH�)HDU $YRLGDQFH
 %HOLHIV� 4XHVWLRQQDLUH�� IRU� ERWK�
ZRUN�DQG�SK\VLFDO�DFWLYLW\��DQG�OHYHOV�
RI� SDLQ�� DVVHVVHG� ZLWK� D� QXPHULFDO�
SDLQ�UDWLQJ�VFDOH� 
7KH�PHDQ�LPSURYHPHQW�LQ�ERWK�WKH�

H/62� DQG� L/62� WUHDWPHQW� JURXSV�
UHDFKHG� WKH� SUHGHWHUPLQHG� PLQLPDO�
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FOLQLFDOO\� LPSRUWDQW� GLIIHUHQFH�� EXW�
WKH� VWDQGDUG� FDUH� JURXS� GLG� QRW�� $�
ORJLVWLF� PRGHO� RI� VXFFHVV� �!����
LPSURYHPHQW�� UHYHDOHG� WKDW��
FRPSDUHG� WR� WKH� VWDQGDUG� FDUH�
JURXS�� WKRVH� LQ� WKH� L/62�JURXS�KDG�
���� WLPHV� KLJKHU� RGGV�� DQG� WKRVH� LQ�
WKH�H/62�JURXS�KDG�����WLPHV�KLJKHU�
RGGV�RI�VXFFHVV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV�ZLWK�ORZ�EDFN�SDLQ�VXJJHVWV�
WKDW� LQH[WHQVLEOH� OXPERVDFUDO�
RUWKRVHV� DUH� VXSHULRU� WR� H[WHQVLEOH�
OXPERVDFUDO�RUWKRVHV� LQ� WUHDWLQJ�WKLV�
FRPSODLQW� 
 
0RULVHWWH�� '��� HW� DO�� $� 5DQGRPL]HG��
&OLQLFDO� 7ULDO� &RPSDULQJ� ([WHQVLEOH�
DQG� ,QH[WHQVLEOH� /XPERVDFUDO�
2UWKRVHV� DQG� 6WDQGDUG� &DUH� $ORQH�
LQ� WKH� 0DQDJHPHQW� RI� /RZHU� %DFN�
3DLQ��6SLQH�� ������2FWREHU�� ��������
����-����� 
 
0$5,-8$1$�/$:6�$1'�23,2,'�

29(5'26(�0257$/,7< 
 
7KH� SURSRUWLRQ� RI� SDWLHQWV� ZLWK�

QRQFDQFHURXV� SDLQ� ZKR� UHFHLYH�
RSLRLG� SUHVFULSWLRQV� KDV� QHDUO\�
GRXEOHG� LQ� WKH�SDVW�GHFDGH��3DUDOOHO�
WR� WKLV� LQFUHDVH� LV� D� ULVH� LQ� GHDWKV�
IURP�RSLRLG�RYHUGRVH��/LWWOH�DWWHQWLRQ�
KDV� EHHQ� IRFXVHG� RQ� KRZ� WKH�
DYDLODELOLW\� RI� DOWHUQDWLYH� QRQ-RSLRLG�
WUHDWPHQWV� PD\� DIIHFW� WKHVH� UDWHV��
*LYHQ�WKH�LQFUHDVHG�OHJDO�DYDLODELOLW\�
RI�FDQQDELV�EHWZHHQ������DQG�������
WKLV� VWXG\�H[DPLQHG� WKH� UHODWLRQVKLS�
EHWZHHQ� WKH� FKDQJH� LQ� WKHVH� ODZV�
DQG�WKH�LQFLGHQFH�RI�RSLRLG�RYHUGRVH�
GHDWKV� 
7KUHH�VWDWHV�KDG�PHGLFDO�FDQQDELV�

ODZV� HIIHFWLYH� EHIRUH� ������ 7HQ�
VWDWHV� LPSOHPHQWHG� VXFK� ODZV�
EHWZHHQ� ����� DQG� ������ )RU� HDFK�
\HDU�� WKH� DXWKRUV� SORWWHG� WKH�PHDQ��
DJH� DGMXVWHG� RSLRLG� DQDOJHVLF�
RYHUGRVH� PRUWDOLW\� UDWH�� FRPSDULQJ�
VWDWHV� ZLWK� YHUVXV� WKRVH� ZLWKRXW�
VXFK�ODZV� 
7KH� DGMXVWHG� PRGHO� UHYHDOHG� WKDW�

PHGLFDO� FDQQDELV� ODZV� ZHUH�
DVVRFLDWHG� ZLWK� D� ������ ORZHU�
DQQXDO� UDWH� RI� DQDOJHVLF� RYHUGRVH�
GHDWKV�� DV� FRPSDUHG� WR� VWDWHV�
ZLWKRXW� VXFK� ODZV�� 7KH� DVVRFLDWLRQ�
ZLWK� ORZHU� UDWHV� RI� RSLRLG� DQDOJHVLF�
RYHUGRVH� PRUWDOLW\� VWUHQJWKHQHG� LQ�
WKH�\HDUV�DIWHU�SDVVDJH� 
&RQFOXVLRQ��7KLV�VWXG\�SURYLGHV�

HYLGHQFH�WKDW�PHGLFDO�FDQQDELV�ODZV�
DUH� DVVRFLDWHG� ZLWK� UHGXFWLRQV� LQ�
RSLRLG�DQDOJHVLF�RYHUGRVH�PRUWDOLW\� 

%DFKKXEHU�� 0��� HW� DO�� 0HGLFDO�
&DQQDELV� /DZV� DQG� 2SLRLG�
$QDOJHVLF� 2YHUGRVH�0RUWDOLW\� LQ� WKH�
8QLWHG� 6WDWHV�� ����-������ -$0$�
,QWHUQ� 0HG�� ������ 2FWREHU�� ���
����������-����� 

0(/$721,1�$1'�'(/,5,80�
$021*�3$7,(176�:,7+����������� 

+,3�)5$&785( 
 
'HOLULXP� LQ� ROGHU� SDWLHQWV� LV�

DVVRFLDWHG� ZLWK� D� KLJK� ULVN� RI�
GHPHQWLD�� $V� SUHYLRXV� VWXGLHV� RI�
SDWLHQWV� XQGHUJRLQJ� VXUJHU\� KDYH�
GHPRQVWUDWHG� WKDW� PHODWRQLQ�
PHWDEROLVP� LV� GLVWXUEHG� DIWHU�
VXUJHU\�� WKLV� VWXG\� DVVHVVHG� WKH�
HIIHFWV�RI�PHODWRQLQ�RQ�WKH�LQFLGHQFH�
RI� GHOLULXP� DPRQJ� HOGHUO\� SDWLHQWV�
KRVSLWDOL]HG�DIWHU�KLS�IUDFWXUH� 
7KLV� PXOWLFHQWHU�� GRXEOH-EOLQG��

UDQGRPL]HG��FRQWUROOHG� WULDO� LQFOXGHG�
SDWLHQWV� ��� \HDUV� RI� DJH� RU� ROGHU��
DGPLWWHG� IRU� WUHDWPHQW� RI� D� KLS�
IUDFWXUH�� 3DWLHQWV� ZLWK� GHOLULXP� RU�
ZKR� ZHUH� WDNLQJ� PHODWRQLQ� DW� WKH�
WLPH� RI� DGPLVVLRQ� ZHUH� H[FOXGHG�
IURP� WKH� VWXG\�� 7KH� SDUWLFLSDQWV�
ZHUH� UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
PHODWRQLQ� �� PJ�� RU� D� SODFHER�� RQ�
ILYH�� FRQVHFXWLYH� HYHQLQJV��
)XQFWLRQDO� VWDWXV� ZDV� GRFXPHQWHG�
ZLWK� WKH� .DW]� ,QGH[� RI� $FWLYLWLHV� RI�
'DLO\� /LYLQJ�� &RJQLWLRQ� ZDV�
DVVHVVHG�ZLWK�WKH�0LQL�0HQWDO�6WDWH�
([DPLQDWLRQ�� 3ULPDU\� FDUHJLYHUV�
FRPSOHWHG� DQ� ,QIRUPDQW�
4XHVWLRQQDLUH�RQ�&RJQLWLYH�'HFOLQH�-�
VKRUW� IRUP�� 7KH� SULPDU\� RXWFRPH�
PHDVXUH�ZDV�GHOLULXP�GXULQJ�WKH�ILUVW�
HLJKW� GD\V� DIWHU� LQLWLDWLRQ� RI� VWXG\�
PHGLFDWLRQ� 
7KUHH� KXQGUHG� VHYHQW\� HLJKW�

SDWLHQWV� ZHUH� FRQVHQWHG� DQG�
UDQGRPL]HG� WR� RQH� RI� WKH� VWXG\¶V�
JURXSV�� 7KH� VXEMHFWV¶� RYHUDOO��PHDQ�
DJH�ZDV����\HDUV��ZLWK�����OLYLQJ�DW�
KRPH�EHIRUH�DGPLVVLRQ��7KH�UDWHV�RI�
GHOLULXP�ZHUH�������LQ�WKH�PHODWRQLQ�
JURXS� DQG� ������ LQ� WKH� SODFHER�
JURXS� �S ������ $� VPDOOHU� SURSRUWLRQ�
RI� SDWLHQWV� LQ� WKH� PHODWRQLQ� JURXS�
H[SHULHQFHG� GHOLULXP� ODVWLQJ� PRUH�
WKDQ� WZR� GD\V�� DV� FRPSDUHG� ZLWK�
WKRVH�LQ�WKH�SODFHER�JURXS��S ������ 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

HOGHUO\� SDWLHQWV� DGPLWWHG� IRU� DFXWH�
KLS� IUDFWXUH� IRXQG� QR� HYLGHQFH� WKDW�
PHODWRQLQ� UHGXFHV� WKH� LQFLGHQFH� RI�
GHOLULXP� 
 
'H� -RQJKH�� $��� HW� DO�� (IIHFW� RI�
0HODWRQLQ� RQ� ,QFLGHQFH� RI� 'HOLULXP�

DPRQJ�3DWLHQWV�ZLWK�+LS�)UDFWXUH��$�
0XOWLFHQWHU� 'RXEOH-%OLQG��
5DQGRPL]HG�� &RQWUROOHG� 7ULDO��
&0$-�� ������ 2FWREHU� ��� ���������
(���-�(���� 
 

08//,*$1¶6�7$3,1*�)25� 
$1./(�,167$%,/,7< 

 
$IWHU� DQNOH� VSUDLQ�� SDWLHQWV� PD\�

H[SHULHQFH� UH-VSUDLQ� DQG� WKH�
SRWHQWLDO� IRU� VXEVHTXHQW�
GHYHORSPHQW� RI� FKURQLF� DQNOH�
LQVWDELOLW\�� 2QH� RI� WKH� PRVW� SRSXODU�
PHWKRGV� RI� VXSSRUWLQJ� WKH� DQNOH�
DIWHU� DQNOH� VSUDLQ� LV� WDSLQJ�� ERWK� WR�
SUHYHQW� IXUWKHU� VSUDLQV� E\� H[WHUQDO�
VXSSRUW� DQG� WR� HQKDQFH�
SURSULRFHSWLYH� DFWLYLW\�� 7KLV� VWXG\�
H[DPLQHG� ZKHWKHU� ILEXOD�
UHSRVLWLRQLQJ� WDSLQJ� �0XOOLJDQ¶V�
WDSLQJ�� DIIHFWV� SRVWXUDO� FRQWURO� LQ�
SURIHVVLRQDO� DWKOHWHV� ZLWK� FKURQLF�
DQNOH�LQVWDELOLW\��3DUWLFLSDQWV�ZHUH����
SURIHVVLRQDO� DWKOHWHV� ZLWK� FKURQLF�
DQNOH� LQVWDELOLW\� DQG� ��� PDWFKHG�
DWKOHWHV�ZLWKRXW�DQNOH�LQVWDELOLW\��7KH�
VXEMHFWV� ZHUH� VFUHHQHG� XVLQJ� WZR�
TXHVWLRQQDLUHV� DGDSWHG� IURP� WKH�
)RRW� DQG�$QNOH�'LVDELOLW\� ,QGH[� DQG�
WKH�)RRW� DQG�$QNOH�'LVDELOLW\� ,QGH[-
6SRUWV�� $OO� SDUWLFLSDQWV� SHUIRUPHG� D�
SRVWXUDO�FRQWURO�WHVW�ZLWK�DQG�ZLWKRXW�
WDSLQJ�� 3UH-� DQG� SRVW-WDSLQJ�� ERWK�
JURXSV�SHUIRUPHG�WKH�VWDU�H[FXUVLRQ�
EDODQFH� WHVW�� ZKLFK� LQFRUSRUDWHV�
VLQJOH-OHJ� VWDQFH� RQ� RQH� OHJ� ZLWK�
PD[LPDO� UHDFK� RI� WKH� RSSRVLWH� OHJ��
7KH� FKURQLF� DQNOH� LQVWDELOLW\� JURXS�
SHUIRUPHG� WKH� VWDU� H[FXUVLRQ�
EDODQFH� WHVW�VWDQGLQJ�RQ� WKH� LQMXUHG�
OHJ� 
%HIRUH� WDSLQJ�� JUHDWHU� UHDFKLQJ�

GLVWDQFH� ZDV� IRXQG� LQ� DOO� GLUHFWLRQV�
IRU� KHDOWK\� DWKOHWHV� WKDQ� IRU� WKRVH�
ZLWK� FKURQLF� DQNOH� LQVWDELOLW\�� $IWHU�
WDSLQJ�� WKHUH� ZDV� D� VLJQLILFDQW�
LQFUHDVH�LQ�UHDFKLQJ�GLVWDQFH�IRU�WKH�
PHGLDO��DQWHURPHGLDO��SRVWHURPHGLDO��
DQG� RYHUDOO� UHDFK�� 6XFK� VLJQLILFDQW�
LPSURYHPHQWV�ZHUH�DOVR�IRXQG�LQ�WKH�
KHDOWK\� DWKOHWHV�� ZLWK� WKH� H[FHSWLRQ�
RI�WKH�DQWHURPHGLDO�GLUHFWLRQ� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW� 0XOOLJDQ¶V� )LEXOD� 5HSRVLWLRQLQJ�
7DSLQJ� FDQ� VLJQLILFDQWO\� LPSURYH�
SRVWXUDO� FRQWURO� RI� DWKOHWHV� ZLWK�
FKURQLF DQNOH LQVWDELOLW\��
,PSURYHPHQWV� ZHUH� DOVR� QRWHG� LQ�
KHDOWK\�FRQWUROV� 
 
6RPHHK��0���HW�DO��,PPHGLDWH�(IIHFWV�
RI� 0XOOLJDQ¶V� )LEXOD� 5HSRVLWLRQLQJ�



 

3DJH�� �������1RYHPEHU�������� ���������   ��9ROXPH����1XPEHU��� 

 

 

7DSLQJ� RQ� 3RVWXUDO� &RQWURO� LQ�
$WKOHWHV� ZLWK� DQG� ZLWKRXW� &KURQLF�
$QNOH� ,QVWDELOLW\�� 3K\VLFDO� 7KHU� LQ�
6SRUW�� ������ '2,�� ���������
M�SWVS������������ 
 
 
086&/(�,17586,21�,172�7+(�

&$53$/�7811(/ 
 
&DUSDO�WXQQHO�V\QGURPH��&76��LV�D�

FRPPRQ� FRQGLWLRQ� DIIHFWLQJ� ����� RI�
WKH� SRSXODWLRQ� LQ� WKH� 8QLWHG� 6WDWHV��
3UHYLRXV�VWXGLHV�KDYH�GHPRQVWUDWHG�
WKDW�PDQ\� LQGLYLGXDOV�KDYH�PXVFOHV��
HLWKHU� IOH[RU� GLJLWRUXP� RU� OXPEULFDOV��
HQWHULQJ� WKH� FDUSDO� WXQQHO� ZLWK�
FHUWDLQ� ILQJHU� DQG� ZULVW� PRYHPHQWV��
7KLV� VWXG\� LQYHVWLJDWHG� ZKHWKHU�
LQFUHDVHG�SUHVVXUH�ZLWKLQ� WKH�FDUSDO�
WXQQHO� PD\� EH� DVVRFLDWHG� ZLWK�
UHSHWLWLYH� PXVFOH� LQWUXVLRQV� LQWR� WKH�
WXQQHO� 
3DUWLFLSDQWV� ZHUH� VHOI-LGHQWLILHG� DV�

/DWLQRV� ZRUNLQJ� IXOO-WLPH� LQ� PDQXDO�
ODERU� SRVLWLRQV�� $� WRWDO� RI� ����
XQGHUZHQW� XOWUDVRXQG� DQG� QHUYH�
FRQGXFWLRQ�VWXGLHV��$W�WKH�XOWUDVRXQG�
VFUHHQLQJ�� D� FURVV-VHFWLRQDO� DUHD� RI�
WKH� PXVFOHV� HQWHULQJ� WKH� FDUSDO�
WXQQHO�ZDV�PHDVXUHG�DW� WKH� OHYHO� RI�
WKH�GLVWDO�ZULVW�FUHDVH��86�ZDV�XVHG�
WR� GHWHUPLQH� WKH� H[WHQW� RI� PXVFOH�
LQWUXVLRQ� LQWR� WKH� WXQQHO�� ZLWK� WKH�
ZULVW�DW�IXOO�IOH[LRQ�DQG�IXOO�H[WHQVLRQ��
2I� WKH� ���� SDUWLFLSDQWV�� ���� ZHUH�
LGHQWLILHG� DV� QRW� KDYLQJ� &76� DW�
EDVHOLQH� LQ� HLWKHU� KDQG�� DQG� ZHUH�
LQYLWHG� WR� UHWXUQ� RQH� \HDU� ODWHU�� 2I�
WKRVH������UHWXUQHG�IRU�IROORZ-XS� 
$IWHU� FRQWUROOLQJ� IRU� DJH�� JHQGHU�

DQG� ERG\� PDVV� LQGH[�� IRXU� ZULVW�
YDULDEOHV�GLIIHUHG�EHWZHHQ�WKRVH�ZLWK�
QR� &76�� SRVVLEOH� &76� DQG� &76��
7KHVH� IDFWRUV� LQFOXGHG� QHUYH� DUHD�
�S ��������PXVFOH�DUHD�ZLWK�WKH�ZULVW�
LQ�QHXWUDO�SRVLWLRQ��S ��������PXVFOH�
DUHD�ZLWK� WKH�ZULVW� LQ� IOH[HG�SRVLWLRQ�
�S ௗ������� DQG� DQ\� PXVFOH� LQ� WKH�
WXQQHO� �S �������� +RZHYHU�� DIWHU�
FRQWUROOLQJ�IRU SDUWLFLSDQW�
FKDUDFWHULVWLFV�� QRQH�RI� WKH�EDVHOLQH�
XOWUDVRXQG�PHDVXUHPHQWV�RI�PXVFOH�
SUHGLFWHG�WKH�GHYHORSPHQW�RI�&76� 
&RQFOXVLRQ�� 7KLV� VWXG\� IRXQG�

WKDW�� ZKLOH�PXVFOH� LQWUXVLRQ� LQWR� WKH�
FDUSDO� WXQQHO� LV� DVVRFLDWHG� ZLWK�
FDUSDO� WXQQHO� V\QGURPH�� PXVFOH�
LQWUXVLRQ� DORQH� GRHV� QRW� SUHGLFW� WKH�
GHYHORSPHQW�RI�&76� 
&DUWZULJKW�� 0��� HW� DO�� 0XVFOH�
,QWUXVLRQ�DV�D�3RWHQWLDO�&DXVH�RI�
&DUSDO�7XQQHO�6\QGURPH��0XVFOH�

1HUYH��������2FWREHU������������
-����� 

1($5�,1)5$5('�/,*+7�$)7(5�
5(6,67$1&(�(;(5&,6( 

 
1HDU� LQIUDUHG� OLJKW� KDV� VKRZQ�

SURPLVH� DV� D� WKHUDSHXWLF� PRGDOLW\�
IRU�WUHDWLQJ�DFXWH�DQG FKURQLF�
PXVFXORVNHOHWDO� LQMXULHV�� 7KLV� VWXG\�
HYDOXDWHG� WKH� HUJRJHQLF� HIIHFW� RI�
QHDU� LQIUDUHG� OLJKW� WKHUDS\� WR�
DWWHQXDWH� VWUHQJWK� ORVV� DIWHU�
UHVLVWDQFH� WUDLQLQJ�� 7KLUW\-RQH��
KHDOWK\�PHQ DQG� ZRPHQ� XQGHUZHQW�
PHDVXUHPHQWV� RI� UDQJH� RI� PRWLRQ��
PXVFOH�SRLQW�WHQGHUQHVV�DQG�PXVFOH�
VWUHQJWK�� %HIRUH� H[HUFLVH�� WKRVH� LQ�
WKH� ODVHU� JURXS� UHFHLYHG� D� GRVH� RI�
���� -� FRYHULQJ� ��� SRLQWV� RULHQWHG�
DORQJ� WKH� ELFHSV� EUDFKLDOLV� PXVFOH��
DGPLQLVWHUHG �IRU� WKUHH� WR� IRXU�
VHFRQGV�WR�HDFK�SRLQW��7KH� VXEMHFWV�
WKHQ XQGHUZHQW�HOERZ IOH[RU�
UHVLVWDQFH�H[HUFLVLQJ� LQFOXGLQJ�
PD[LPDO� FRQFHQWULF� DQG� HFFHQWULF�
FRQWUDFWLRQV� �,PPHGLDWHO\� DIWHU�
H[HUFLVH�� VWUHQJWK� ZDV� UHDVVHVVHG�
WR�GHWHUPLQH�WKH� SHUFHQWDJH�GHFOLQH�
IURP� EHJLQQLQJ� WR� HQG� RI� WKH�
H[HUFLVH� SURWRFRO�� 7KH� SDUWLFLSDQWV�
ZHUH� DJDLQ�DVVHVVHG�DIWHU� WZR�GD\V�
IRU� UHFRYHU\�� DQG� UHWXUQHG� DW� RQH�
ZHHN�IRU�WKH�FURVVRYHU�SURFHGXUH� 
0XVFOH� VWUHQJWK� GHFOLQHG� E\�

������� LQ� WKH� DFWLYH� JURXS� DQG�
������� LQ� WKH� FRQWURO� JURXS�
�S ������� $IWHU� WZR� GD\V�� QR�
GLIIHUHQFH�ZDV� VHHQ� LQ�PXVFOH�SRLQW�
WHQGHUQHVV� RU� UDQJH� RI� PRWLRQ��
LQFOXGLQJ� SDLQ-IUHH� IOH[LRQ�� IXOO�
H[WHQVLRQ�� SDLQ-IUHH� H[WHQVLRQ� DQG�
UHVWLQJ�DUP�DQJOH� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI� ����

KHDOWK\� DGXOWV� IRXQG� WKDW� QHDU�
LQIUDUHG� OLJKW� WKHUDS\� FDQ� DWWHQXDWH�
VWUHQJWK� ORVV� DIWHU� UHVLVWDQFH�
H[HUFLVH� 
 
/DUNLQ-.DLVHU��.���HW�DO��1HDU�,QIUDUHG�
/LJKW� 7KHUDS\� WR� $WWHQXDWH� 6WUHQJWK�
/RVV� DIWHU� 6WUHQXRXV� 5HVLVWDQFH�
([HUFLVH�� -� $WKOHWLF� 7UDLQLQJ�� ������
������� GRL���������� ����-�����
������� 
 
 
1(59(� ,1-85,(6� $662&,$7('�
:,7+�$&(7$%8/$5�)5$&785(6 

 
$FHWDEXODU� IUDFWXUHV�DUH� IUHTXHQWO\�

DVVRFLDWHG�ZLWK�QHUYH�LQMXULHV��7KHVH�
FRPPRQO\� LQFOXGH� WKH� REWXUDWRU��

IHPRUDO� DQG� ODWHUDO� IHPRUDO�
FXWDQHRXV� QHUYHV�� DV� ZHOO� DV� WKH�
VFLDWLF� QHUYH�� +RZHYHU�� IHZ� VWXGLHV�
KDYH� GRFXPHQWHG� WKH� LQFLGHQFH� RI�
WKHVH� LQMXULHV�� 7KLV� UHWURVSHFWLYH�
LQYHVWLJDWLRQ� ZDV� GHVLJQHG� WR�
GHWHUPLQH� WKH� SURSRUWLRQ� RI� SDWLHQWV�
ZLWK�DFHWDEXODU�IUDFWXUH�ZKR�GHYHORS�
QHUYH� LQMXULHV�� DQG� ZKDW� IDFWRUV�
PLJKW�LQFUHDVH�WKLV�ULVN� 
'DWD� ZHUH� FROOHFWHG� IURP� WKH�

*HUPDQ� 0XOWLFHQWHU� 3HOYLF� 6WXG\�
*URXS��ZLWK� GRFXPHQWDWLRQ� RI� SHOYLF�
IUDFWXUHV� EHJLQQLQJ� LQ� ����� DW� ���
XQLYHUVLW\� PDMRU� WUDXPD� KRVSLWDOV��
7KH� UHJLVWU\� GDWD� LQFOXGHG� W\SH� RI�
DFHWDEXODU� IUDFWXUH�� LQMXU\� SDWWHUQV�
DQG� LQMXU\� VHYHULW\�� DV� ZHOO� DV�
GHPRJUDSKLF�LQIRUPDWLRQ�DQG�W\SH�RI�
VXUJHU\�� 'DWD� ZHUH� DOVR� JDWKHUHG�
FRQFHUQLQJ� WKH� QHXURORJLF� VWDWXV� RI�
WKH� SDWLHQW� DW� DGPLVVLRQ� DQG�
GLVFKDUJH�� DQG� LQFOXGHG� QHUYH�
LQMXULHV�LGHQWLILHG�DW�WKH�KRVSLWDO� 
2I� WKH� ������ SDWLHQWV� LGHQWLILHG��

������ XQGHUZHQW� VXUJHU\�� 7KH�
SURSRUWLRQ�RI�SDWLHQWV�GLDJQRVHG�ZLWK�
WDUJHWHG� QHUYH� LQMXULHV� DW� KRVSLWDO�
DGPLVVLRQ� ZDV� IRXU� SHUFHQW�� DQG� DW�
GLVFKDUJH� ZDV� VHYHQ� SHUFHQW�� 7\SH�
&�IUDFWXUHV�ZHUH�DVVRFLDWHG�ZLWK�WKH�
KLJKHVW� SURSRUWLRQ� RI� QHUYH� LQMXULHV�
ZKLOH� W\SH� $� IUDFWXUHV� KDG� WKH�
ORZHVW�� %\� IUDFWXUH� ORFDWLRQ��
WUDQVYHUVH� SOXV� SRVWHULRU� ZDOO�
IUDFWXUH� ZDV� DVVRFLDWHG� ZLWK� WKH�
KLJKHVW��ZKLOH� DQWHULRU�ZDOO� IUDFWXUHV�
ZLWK�WKH�ORZHVW�ULVN�RI�QHUYH�LQMXU\� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� DFHWDEXODU� IUDFWXUHV�
IRXQG� WKDW�� DW� KRVSLWDO� GLVFKDUJH��
VHYHQ� SHUFHQW� KDG� D� WUDXPD� UHODWHG�
QHUYH� LQMXU\�� ZLWK� WKH� ULVN� KLJKHVW�
DPRQJ� WKRVH� ZLWK� SRVWHULRU� ZDOO�
IUDFWXUHV�RI�WKH�SHOYLF�ULQJ� 
 
/HKPDQQ�� :��� HW� DO�� :KDW� ,V� WKH�
)UHTXHQF\� RI� 1HUYH� ,QMXULHV�
$VVRFLDWHG� ZLWK� $FHWDEXODU�
)UDFWXUHV"� &OLQ� 2UWKRS� 5HODW� 5HV��
������1RYHPEHU�����������-����� 
 
 

3$/,6$'(�6$&52,/,$&�
5$',2)5(48(1&<�1(852720<�
)25�$1.</26,1*�6321'</,7,6 

 
$QN\ORVLQJ� VSRQG\OLWLV� �$6��

IUHTXHQWO\�FDXVHV�VDFURLOLDF��6,��MRLQW�
SDLQ�� ,QWUD-DUWLFXODU� LQMHFWLRQV� KDYH�
EHHQ� IRXQG� WR� UHGXFH� SDLQ� DQG�
LPSURYH� MRLQW� DFWLYLW\�� ZLWK� UHOLHI�
W\SLFDOO\� OLPLWHG� LQ� GXUDWLRQ�� 7KLV�
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VWXG\� FRPSDUHG� WKH� HIILFDF\� DQG�
VDIHW\� RI� SDOLVDGH� 6,� MRLQW�
UDGLRIUHTXHQF\� QHXURWRP\� �3651��
DQG� FHOHFR[LE� IRU� WKH� WUHDWPHQW� RI�
WKLV�GLVHDVH� 
6XEMHFWV�ZLWK�$6�DQG�6,� MRLQW� SDLQ�

ZHUH� ���� SDWLHQWV� ZKR� PHW� WKH�
LQFOXVLRQ� FULWHULD� DQG� ZHUH�
UDQGRPL]HG� WR� UHFHLYH� HLWKHU�
FHOHFR[LE� DW� ����PJ� SHU� GD\� IRU� ���
ZHHNV� RU� 3651�� 7KH� SULPDU\�
RXWFRPH� PHDVXUHV� ZHUH� SDLQ�
LQWHQVLWLHV� DW� ��� DQG� ��� ZHHNV��
EDVHG� XSRQ� D� YLVXDO� DQDORJXH� SDLQ�
VFDOH�� 'LVHDVH� DFWLYLW\�� IXQFWLRQDO�
FDSDFLW\�� PRELOLW\� FDSDFLW\� DQG�
DGYHUVH� HYHQWV� ZHUH� DVVHVVHG� ZLWK�
WKH� $QN\ORVLQJ� 6SRQG\OLWLV� 'LVHDVH�
$FWLYLW\� 6FRUH� �$6'$6��� WKH� %DWK�
$QN\ORVLQJ� 6SRQG\OLWLV� 0HWURORJ\�
,QGH[�� DQG� WKH� %DWK� $QN\ORVLQJ�
6SRQG\OLWLV�)XQFWLRQDO�,QGH[� 
%RWK� LQWHUYHQWLRQV� UHVXOWHG� LQ�

VLJQLILFDQW� LPSURYHPHQW� LQ� JOREDO�
SDLQ� LQWHQVLW\� DW� ��� DQG� ��� ZHHNV��
5HGXFWLRQ� LQ� DGMXVWHG� JOREDO� SDLQ�
LQWHQVLW\� ZDV� PRUH� UREXVW� LQ� WKH�
3651� JURXS� WKDQ� LQ� WKH� FHOHFR[LE�
JURXS� DW� ERWK� ��� DQG� ��� ZHHNV�

�S���������� ,PSURYHPHQW� ZDV� DOVR�
PRUH�VLJQLILFDQW� LQ�SDWLHQWV� UHFHLYLQJ�
3651� IRU� WRWDO� DQG� QRFWXUQDO� EDFN�
SDLQ�� 7KH� WZR� DUPV� GLG� QRW� GLIIHU� LQ�
WKH� SURSRUWLRQ� RI� SDWLHQWV� ZKR�
DFKLHYHG� ���� LPSURYHPHQW� IURP�
EDVHOLQH�DQG�$6'$6�VFRUHV�DW�HLWKHU�
���RU����ZHHNV� 
&RQFOXVLRQ�� 7KLV� VWXG\� RI�

SDWLHQWV� ZLWK� DQN\ORVLQJ� VSRQG\OLWLV�
UHODWHG�VDFURLOLDF�MRLQW�SDLQ�IRXQG�WKDW�
UDGLRIUHTXHQF\�QHXURWRP\�LV�VXSHULRU�
WR� FHOHFR[LE� IRU� SDLQ� FRQWURO��
IXQFWLRQDO� VWDWXV� LPSURYHPHQW� DQG�
VSLQH�PRELOLW\� 

 
=KHQJ��<���HW�DO��7RPRJUDSK\�*XLGHG�
3DOLVDGH 6DFURLOLDF� -RLQW�
5DGLRIUHTXHQF\� 1HXURWRP\� YHUVXV�
&HOHFR[LE�IRU�$QN\ORVLQJ�6SRQG\OLWLV��
$Q� 2SHQ� /DEHO�� 5DQGRPL]HG� DQG�
&RQWUROOHG�7ULDO��5KHXP�,QWHUQ��������
6HSWHPEHU�������������-������ 
 

 

0XVFXORVNHOHWDO� LQ� 5HYLHZ� LV�

SURGXFHG�E\�SK\VLFLDQV�VSHFLDO�

L]LQJ� LQ� PXVFXORVNHOHWDO� PHGL�

FLQH�� ZLWK� WKH� DVVLVWDQFH� RI�

(PRU\�8QLYHUVLW\�6FKRRO�RI�0HG�

LFLQH�� � 6XPPDULHV� DSSHDULQJ� LQ��

WKLV� SXEOLFDWLRQ� DUH� LQWHQGHG� DV�

DQ�DLG�LQ�UHYLHZLQJ�WKH�OLWHUDWXUH�

UHOHYDQW� WR� WKH� SUDFWLFH� RI� FOLQL�

FDO� PXVFXORVNHOHWDO� PHGLFLQH���

7KH�VXPPDULHV�DUH�QRW�LQWHQGHG�

IRU�XVH�DV�WKH�VROH�EDVLV�IRU�FOLQ�

LFDO� WUHDWPHQW�� QRU� DV� D� VXEVWL�

WXWH� IRU� WKH� UHDGLQJ�RI� WKH�RULJL�

QDO� UHVHDUFK�� � 3ULYDWH� VXEVFULS�

WLRQV� DUH� DYDLODEOH� E\� HPDLO� DW�

UHKDELQUHYLHZ#DRO�FRP� RU� E\�

ID[�RU�SKRQH�DW����������-������ 


